The tubercle bacillus possesses certain individual characteristics which differentiate it from other microorganisms. This organism shows a resistance to certain physical and chemical agents similar to that noted for spore-forming types of fungi. Yet, the existence of spores for tubercle bacilli has been a matter of suggestion rather than fact because of the difficulties in demonstrating such a definition. It is conceivable that if spore forms existed for tubercle bacilli under adverse conditions, this more resistant type would develop a variable protection against physical and chemical agents in proportion to the nature and number of forms present.
The addition of lipin and waxy-like materials to the bacillary body by enhanced anabolism (when growing under favorable nutrient conditions) might result in a protection to certain physical and chemical agents. This suggests the possibility of so-called natural resistant forms as distinguished from spore forms. The latter view appears to be favored by the exceptional resistance of tubercle bacilli to drying, extreme vacuums (Potter, 1935 and 1937) , and their ability to remain viable for long periods of time under favorable conditions . Weinzirl (1933) , however, found no material protection from heat and chemical agents when the fat content had been increased.
In an earlier paper representing a study of the thermolability of the tubercle bacillus (Corper and Cohn, 1937) , we presented an improved method of determining the survival of tubercle bacilli after exposure to heat and noted their high resistance to temperatures affecting other microorganisms detrimentally. At 60'C., fine suspensions (1 mgm.) of human tubercle bacilli in a buffered isotonic solution of pH 7.0 were killed within a few minutes; while at 50TC., the bacilli survived for 5 hours; and at 450C., for 8 days. The importance of exact quantitative estimations of the suspensions of the bacilli and control of the conditions of experiment were also stressed. Occasionally, and for unexplained reasons, a test would give a survival time differing from that found in the ordinary run of experiments even though young actively growing cultures were used for making the suspensions. In order to gain a further insight into this unusual phenomenon which made some of our data vary in consistency, further observations were planned to learn, if possible, the mechanism of this variation in the cultures of the bacilli.
EXPERIMENTAL PART.
The apparatus used in the heat tests was essentially the same as that used in the earlier studies (Corper and Cohn, 1937 ) with a few additional improvements in refinement. A more delicately controlled heat box was prepared, capable of simultaneously accommodating two test exposures and maintaining the contained fluid exactly at the same temperature as indicated by two thermometers immersed in each bottle and readily read from the outside of the box (see fig. 1 ). In addition, the pipettes used for removing samples for test were prepared with traps so that the liquid containing the bacilli remained entirely in the exposure bottle (see fig. 2 ). The technic and method used in the heat tests were essentially the same as that reported in the previous paper (Corper and Cohn, 1937 broth. Since then, and in later duplication tests, broth was added to some of the mediums with a consequent increase in the survival time of the bacilli. It had been noted previously that the addition of broth to a medium for the cultivation of small numbers of human tubercle bacilli was of no significance and it was therefore omitted from the inspissated egg yolk medium recommended for discerning the presence of small numbers of tubercle bacilli. It was recognized, however, that when the weight of bacilli to be obtained from a culture was a factor, the addition of broth resulted in a heavier final growth as compared with the amount obtained in broth-free mediums of like composition. The following results are illustrative of such findings: the moist weight of bacillary growth obtained from a tube of inspissated broth whole-egg medium after 6 weeks was 0.249 gram; while on the broth-free medium, the moist weight was 0.056 gram. In other words, it requires four tubes of inspissated broth-free whole-egg medium to yield as much culture mass as one tube of inspissated broth whole-egg medium.
When determined by dehydration over phosphoric anhydride in a vacuum desiccator, the water content of the bacillary mass was practically identical for the cultures on the broth and the broth-free medium, each averaging about 73 per cent moisture.
THE THERMAL RESISTANCE OF TUBERCLE BACILLI OBTAINED FROM VARIOUS MEDIUMS AND UNDER VARIOUS CONDITIONS
To determine the thermal resistance of human tubercle bacilli (grown with or without broth on whole-egg mediums containing glycerol), several plantings (5 or 6) of the same strains were made on the respective medium. Cultures of the same age and grown under the same conditions were then used for making fine suspensions. The results of the survival time of virulent human tubercle bacilli, strain H-7, after exposure to heat (530 and 550C.) is recorded in table 1.
Briefly, it is to be noted from table 1 that at 530C. virulent human tubercle bacilli (H-7) taken from broth containing wholeegg medium survive for 11 hours, while the bacilli taken from the broth-free whole-egg medium survive for only 45 minutes.
At 550C., the culture on broth survives for 45 minutes, while on the broth-free culture it survives for only 15 minutes. That this is not a function of the number of viable bacilli in the original suspensions is shown by the control dilution test in which growth occurred in a dilution of one-hundred-millionth of a milligram in all cases.
In a similar experiment, a comparison of thermal resistance was made between the bacilli grown on inspissated broth whole-egg medium and those grown on broth agar medium (standard gly- Broth whole-egg*. showed growth in dilutions of the suspensions to one-hundredmillionth milligram per cubic centimeter.
Of the factors which may play a part in the resistance of the tubercle bacilli, the age of the culture is particularly significant. Therefore, the same strain of virulent human tubercle bacilli was planted at different intervals so as to be 3 and 6 weeks old at time of test. These were compared at 530 and 550C., and some of the results are recorded in table 3.
A comparison of the thermal resistance of the cultures grown for 3 and 6 weeks showed no appreciable differences at 530 and 550C. At 530C., the young culture was slightly more resistant to heat. In a series of experiments to determine the effect of the age of the suspension as a factor in the resistance of the bacilli to heat, it was found that a suspension allowed to remain at room temperature for one or two days after preparation showed a slight increase in resistance, up to two days, while it became slightly less than that of the original suspension at five days. This phenomena was not a function of agglutination of the suspension In earlier experiments, it was found that human tubercle bacilli are particularly susceptible to the action of acetic acid (Corper and Uyei, 1930; . For this reason and because of the favorable time of lethal action of the acetic acid, we chose this agent for testing the resistance of the tubercle bacilli to chemicals.
The methods used are essentially the same used in a previous study (Cohn, 1934) . Briefly: to 0.5 cc. of 5 per cent acetic acid was added 0.5 cc. of fine suspension of tubercle bacilli containing 0.1 mgm. of bacilli per cubic centimeter. The mixture was incubated at 370C. for various time intervals, the action of the t The numeral given indicates the number of weeks when the first appearance of growth was noted (3 culture tubes being used for each test). When used, the exponent indicates the number of tubes of the three which were positive. acetic acid was interrupted by dilution to 50 cc. by means of 0.9 per cent sodium chloride solution, and finally neutralized with 0.6 cc. 6 per cent sodium hydroxide solution. The final reaction was slightly alkaline to a phenolphthalein indicator. The viability of the bacilli was determined by planting on an imspissated egg yolk medium .
In A comparison of the thermal resistance of fine suspensions of avian and human tubercle bacilli shows the avian strain to be decidedly more resistant to the lethal effects of heat.
SUMMARY AND CONCLUSIONS
In studying the thermal and chemical (acetic acid) resistance of human tubercle bacilli, it was found that the type of medium on which the bacilli had been cultured was a determining factor in the resistance of these bacilli. Those cultured on egg mediums containing broth usually showed a greater resistance to heat and acetic acid than those cultured in the absence of broth. Likewise, bacilli cultured on whole-egg mediums with broth showed a greater resistance than those cultured on glycerol broth agar. The age of the culture, within certain limits of from 3 to 6 weeks, appeared to exert no appreciable effect on the resistance of the bacilli. There was no apparent relation between the ability of a medium to support the growth of small numbers of tubercle bacilli and thermal lability or resistance to acetic acid. The use of varying types of mediums, besides errors in technic, probably account for the wide variations in thermal resistance noted for tubercle bacilli in the literature. The thermal survival time of avian tubercle bacilli exceeded that noted for human tubercle bacilli under the same conditions of culture and heat exposure.,
